Background: Despite of the use of tangential beam directions during the irradiation of mammary carcinomas, a dose reduction of the heart cannot always be achieved. This is decivise for the increased risk of heart diseases and the associated mortality. Especially affected is the cardiac apex. However, by using respiratory gated treatment techniques, like the deep inspiration breath-hold (DIBH), a dose sparing of this area can be reached. Material and Methods: The Elekta ABC system was used to control the respiratory stop of early staged breast cancer patients. The treatment planning was implemented by a 3D and VMAT technique. The focus was the optimization of irradiation plans and the evaluation of the respective dose exposure to the heart, the left ventricle and the left anterior descending coronary artery (LAD artery). A planning concept of 28 x 2,25 Gy in the SIB and 28 x 1,8 Gy in the left breast was used. Results: The results showed that a dose reduction of 30-40 % in mean and maximal in all structures is possible by using the VMAT technique in combination with the ABC system. In the case of 3D irradiation planning, a substantial relief can only be seen at the mean dose exposure of approximately 50 %. Also, only a maximum dose reduction of 13 % could be achieved.
Introduction
Despite of the use of tangential beam directions during the irradiation of mammary carcinomas, a dose reduction of the heart can not always be achieved. This often leads to a cardiac dose exposure at the edge of the irradiation fields, which is decisive for the risk increase of heart diseases and the associated mortality. The apex of the heart, which has only a small distance from the thoracic wall, is particularly affected. However, by using respiratory gated treatment techniques, a dose sparing of this area can be achieved. By increasing the volume of the ipsilateral lung, the heart is displaced from the thorax wall and thus can be better spared. The focus of this study was the optimization of treatment plans and the evaluation of the respective dose exposures of the heart, left ventricle and the (LAD artery, in order to make a conclusion about the advantages and disadvantages of the DIBH technique.
Materials and methods
For the CT acquisition the Philips Bigbore Brilliance CT scanner with a slice thickness of 3 mm was used to ensure an imaging time of approximately 15 seconds. For each patient, one CT dataset without gating and one by using the Elekta breathing system ABC were generated. For the gating CT and also the treatment, care has been taken to ensure that the patient reaches a respiratory stop of at least 15 seconds.
Patient selection
For the planning study, left-sided breast cancer patients in the early stage were selected. Patients with an involvement of the lymph nodes or a breast ablation were excluded from this study. The average age was 59,8 years.
Planning target volume and organs at risk
Each plan included a high dose area located at the tumour bed (sequential integrated boost -SIB) and the left breast tissue (PTV). The dose concept of 28 x 2,25 Gy in the SIB and 28 x 1,8 Gy in the left breast was set for every patient. For the optimization, special priority was placed on the heart, the left ventricle and the LAD artery.
Treatment planning
The treatment planning was done with the Philips Pinnacle³ software. For each patient, two plans were generated, using a 3D and VMAT technique. The planning concept was implemented by the 3D planning through 6 to 7 collimated photon fields and an energy of 6 MV. The VMAT plans were generated with two 6 MV partial photons arcs. The directions of each beam was set in counter-and clockwise direction.
Dosimetric comparison
The resulting plans were compared with the corresponding dosevolume histograms (DVHs). The changes in the mean and maximum dose exposure of the heart, the left ventricle and the LAD were evaluated for both plans of each patient. Subsequently, the percentage dose deviations and thus the dose sparing were determined by means of this values. On basis of these results, the dose reduction could then be assessed by the application of the respiratory gating technique.
Results
Due to the deep inspiration during the DIBH, the volume of the lung causes a displacement of the heart. Thus increases the distance between the heart and the thoracic wall and helps to protect the heart and LAD from the applied dose of the PTV (see Figure 1) . In the free breathing CT, the position of the heart is close to the thorax wall and thud to the SIB and PTV. In addition, in the frontal slice can be seen, that the LAD artery in the FB-CT is at the same height as the high dose area of the breast. By the use of the respiratory gating, a caudal displacement of the entire heart and the artery was achieved, whereby an additional distance from the irradiation area was reached.
By comparing the DVHs of both treatment techniques, a clear advantage of the use of the DIBH technique, especially for the LAD artery can be seen. Also a superiority of the VMAT technique compared to the 3D technique is represented (see Figure 2 and 3) . On the one hand, the use of VMAT achieved a better dose sparing of the risk structures as well as with and without DIBH compared to the 3D technique. On the other hand, the use of respiratory gating, particularly in the 3D technique, results in an additional significant dose reduction of the heart and the LAD artery. Especially without the use of the ABC system, the biggest differences are in the dose curve of the LAD structure.
On the basis of the evaluation of the dose exposures from the DVHs, the VMAT plans are associated with a reduction in the mean and maximum dose of 30-40 % of all risk structures by the use of DIBH. The biggest reductions of 46% can be seen in the dose exposure of the LAD (see Table 1 -3). Using the 3D technique, a considerable relief of 50-54% is only seen in the mean dose exposure of the defined structures. The maximum dose could only be spared by at least 13%. In this case the maximal reduction of the mean dose of the left ventricle was 54% (see Table 4 -6). In summary, the best dose reduction was achieved by the combination of VMAT irradiation planning and the ABC system. Reduction 31% 43% Table 3 : Mean, maximum and achieved reduction of the LAD dose using VMAT with and without the ABC system.
VMAT Dmean Dmax
w/o. ABC 11,3Gy 28,7Gy
w. ABC 5,3Gy 16,7Gy
Reduction 46% 38% Table 4 : Mean, maximum and achieved reduction of the heart dose using 3D with and without the ABC system. 
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Conclusion
The majority of the so far puplicated planning studies on the use of DIBH and the reduction of cardiac dose, only contain a comparison of 3D and IMRT treatment techniques [1, 2, 3, 4] . Also, only the evaluation of the mean dose exposure is taken into account for late effects and radioinduced heart diseases. However, the maximum dose values of these risk structures is not examined, which is a much bigger indicator for heart diseases. Therefore, in this work an additional attention has been paid to the maximum dose exposure of the heart, the left ventricle and the LAD artery.
By the comparison of the 3D and VMAT techniques, the VMAT plans in combination with the DIBH method achieved the highest dose protection of the heart, the left ventricle and the LAD artery. The direct irradiation direction of the 3D planning allows just a limited dose sparing of the heart structures, which results in higher dose exposures, especially at the LAD artery. The volumetric adjustment of the VMAT technique enables an alignment of the dose to the concave shaped thorax wall and thus avoids radiation through the lungs and the heart. Especially the maximum dose of the heart apex and the LAD artery can be reduced with the VMAT technique, which is one important indicator for late effects of the heart. The mean dose was reduced by approximately the half of the exposure by the additionally gained distance between the heart and the thorax wall for both techniques. In summary, there is a clear advantage by the use of the ABC respiratory gating for the treatment of left-sided mammary carcinomas for both treatment techniques.
